Introduction
Multiple immunological and neurological pathways are involved in pain and psychiatric symptoms in HIV-infected children and adolescents. Sources of chronic pain in HIV-1 infected children include neural inflammation, systemic manifestations of AIDS, adverse drug reactions, invasive infections, and recurrent abdominal pain. Nucleoside reverse transcriptase inhibitors (NRTIs) may be neurotoxic, and thus add to pain in HIV-infected children (Van Dyke, Wang, & Williams, 2008) .
A relationship between anxiety, depression, and catastrophizing coping strategies in children and adolescents with multiple chronic, painful conditions has been described (Anie, Steptoe, Ball, Dick, & Smalling, 2002; Carter et al., 1999; Crombez, Eccleston, Van den Broeck, Goubert, & Van Houdenhove, 2004; Kashikar-Zuck, Vaught, Goldschneider, Graham, & Miller, 2002; LeBovidge, Lavigne, Donenberg, & Miller, 2003; Schanberg, Keefe, Lefebvre, Kredich, & Gil, 1996; Vervoort, Goubert, Eccleston, Bijttebier, & Crombez, 2006) . Anxiety, depression, social, and behavioral disorders occur in 12Á70% of young children and adolescents with perinatally acquired HIV infection (Bose, Moss, Brouwers, Pizzo, & Lorion, 1994; Havens, Whitaker, Feldman, & Ehrhardt, 1994; Mellins, Brackis-Cott, Dolezal, & Abrams, 2006) . P1055, a multicenter, prospective observational study conducted by the International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) *Corresponding author. Email: schwartzl1@email.chop.edu Group, was designed to examine the impact of HIV on the development of psychiatric symptomatology in a cohort of perinatally HIV-infected children and adolescents. Given the potential confounding relationship between pain, stress, immune status, and psychiatric symptomatology, a secondary objective of P1055 was to evaluate the presence and correlates of pain in HIV-infected subjects as compared to a control group of HIV-uninfected children living in a household with an HIV-infected person.
Design and methods

Design
The P1055 study was designed to evaluate the prevalence and severity of psychiatric symptoms in HIV-infected children aged 6Á17 years as compared to a control group of HIV-uninfected controls who were either perinatally HIV-exposed or living in a household with an HIV-infected person. HIV-infected and control subjects were recruited into P1055 from 29 IMPAACT sites in the USA and Puerto Rico after review and approval of the research protocol by the Institutional Review Boards of participating institutions. Written informed consent to enroll was obtained from the participants' legal guardians prior to participation. Written assent was obtained from older children when appropriate.
Subjects
HIV-infected subjects aged 6Á17 years who acquired infection through maternal-to-child-transmission (MTCT) (HIV') and similarly aged perinatally HIV-exposed children or uninfected children living in a household with an HIV-infected person (control) were enrolled. In order to increase the representativeness of the study population, children were selected to participate in the study based on random selection in sequential blocks of size eight from all eligible subjects known to the site. The study opened for accrual in June 2005 and closed to new enrollees in September 2006. All participants were required to have been living with the same parent or primary caregiver for at least 12 months prior to evaluation, and cognitively capable of responding to the study questionnaires. Specific exclusion criteria were known mental retardation (IQ 570) or an individualized education profile (IEP) signaling mental retardation, and HIV infection acquired through adult risk behavior.
Study measurements
Demographic and household characteristics were collected on all subjects. Race attribution was by self-report of the participants for the purpose of demographics. For HIV-infected subjects, health characteristics (CD4%, HIV-1 plasma viral load, CDC Clinical Classification) and a lifetime history of antiretroviral treatment were obtained. Historical data for major medical and psychiatric diagnoses and the use of psychotropic medications were collected. Screening tools and pain assessments were administered in the language native to the subject and their family by staff at each site. Subjects who could not read the questions were assisted by staff, but the subject was responsible for marking all answers. Study staff recorded pain results on subject case report forms interpreted as per literature or guidelines. Our analysis considered pain data collected at study entry as a single point-in-time assessment.
Pain measurement tools
Age appropriate approaches for assessing self-reported pain were utilized. All caregivers completed the assessments of perceived pain in their child. The prevalence of any perceived pain occurring in the last two months, the last two weeks, and at the enrollment visit was obtained by separate interview of both the caregiver and each subject. Subject and caregiver also reported the duration of pain and whether it interfered with activities of daily living (ADL).
All subjects and caregivers assessed pain for the child participants using an ordinal WongÁBaker FACES visual analog scale (VAS) (Wong & Baker, 1988 ) validated for non-verbal assessment. In addition, subjects 12 years and older completed the Short-Form McGill Pain Questionnaire (SF-MPQ) which included a VAS, total pain intensity score, a total pain rating index (PRI), and its components of affective PRI, and sensory PRI (Melzack, 1987) . SF-MPQ is validated for age of 12 years and higher.
Psychiatric measures
Psychiatric assessments were based on youth and caregiver-completed Symptom Inventory (SI-4) instruments that evaluated the symptoms of generalized anxiety disorder (GAD), major depressive disorder (MDD), and dysthymic disorder (DD), along with other symptoms not considered in this analysis. The SI-4 symptoms were evaluated by computing a total severity score within each domain, and by evaluating whether each subject scored positively on enough symptoms within the subscale to be classified as exceeding the cutoff for that particular symptom subscale; in this analysis, we focus on the symptom severity scores.
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Statistical analyses
Prevalence of pain as reported at the study entry visit was compared between HIV-infected and control subjects using Fisher's exact tests. Comparisons of demographic characteristics between groups were performed using Pearson's chi-square test for multicategory characteristics, and using a KruskalÁWallis test for continuous outcomes. Since pain has been reported to vary by gender and age group, separate analyses of pain prevalence were repeated within each gender and age group for all the subjects. Analyses of pain intensity were conducted by gender for older children who completed the McGill Pain Questionnaire. Multiple logistic regression models were fit to evaluate the effect of generalized anxiety, major depression, and dysthymia symptom severity on the presence of pain adjusting for age, gender, and other potential confounders. Sensitivity analyses accounting for clustering of responses within families were conducted using generalized estimating equation (GEE) models. In summarizing the results, p-values B0.05 were considered to be statistically significant. All analyses were carried out using SAS 9.1 (SAS Institute, Cary, NC).
Results
Demographics
A total of 320 HIV-infected and 256 uninfected control subjects enrolled and completed the baseline visit including the pain evaluation. Psychiatric symptom inventory severity scores for MDD, GAD, and DD were available for 311 HIV-infected (97%) and 247 control (96%) subjects. Characteristics of the study population are summarized in Table 1 . Control subjects tended to be younger and were significantly more likely to have at least one of their biological parents as primary caregiver (78% vs 43%), while HIV-infected subjects were more likely to have another relative or adoptive parent as their primary caregiver. Controls tended to have caregivers with lower education level and lower household income. Among the 320 HIV-infected subjects, 23% had an AIDS diagnosis (CDC Clinical Class C). The median CD4 value was 31%, with over half the group having less than 400 copies/mL HIV-1 RNA. Use of Highly Active Antiretroviral Treatment (HAART) with or without a protease inhibitor was reported by 81% of HIV-infected youth.
Assessment of pain by HIV study group
Among all subjects, 37% reported having pain within the two months prior to study. There was no difference between the two groups in the proportion reporting current pain; however, a significantly higher percentage of HIV-infected subjects reported pain in the past two weeks and two months compared to controls (Table 2) . Additionally, HIV' youth were more likely to report pain lasting over one week. There were no group differences for the WongÁBaker FACES scale. Moreover, there were no group differences (youth 12Á17 years) for the SF-MPQ VAS, total PRI, or sensory PRI. However, older controls had a marginally higher affective PRI scores (mean 00.79 vs 0.55, p00.06).
Comparisons between HIV-infected and control subjects varied by both gender and age group. Among males, there was a higher prevalence of pain during the last two weeks for HIV-infected than controls (25% vs 14%, p 00.03), but no differences were observed in current pain, longer-term pain, duration of pain, or pain intensity as measured by the WongÁBaker FACES scale. In contrast, HIVinfected females had significantly higher rates of pain compared to control females during the last two months (46% vs 33%, p00.01), and a higher proportion with pain of more than one-week duration (26% more vs 11%, p00.01).
In the younger-aged cohort, there was significantly higher prevalence of pain in HIV-infected than control subjects within the last two months (46% vs 28%, p00.003), within the last two weeks (34% vs 15%, p 0B0.001), and at enrollment (14% vs 7%, p00.09). In addition, 29% reported duration of pain lasting more than one week compared to 7% of controls (pB0.001).
A multiple logistic regression model for pain in the last two months ( Figure 1 ) indicated that, among controls, older children tended to report more pain than younger children, while among HIV-infected, younger girls and boys tended to report more pain than older HIV-infected youth. In a model restricted to HIV-infected children, notable predictors of pain during the last two months included female sex (OR 0 1.53, p 00.09), White race (OR 02.15, p00.04), and CDC class C (OR 01.83, p 00.04). After adjustment for these factors, entry CD4%, nadir CD4%, entry HIV-1 plasma viral load, and maximum past HIV-1 plasma RNA values were not predictive of pain.
Association of antiretroviral therapies with pain
There was no significant difference in rates of childreported pain between those who had received specific antiretroviral medications versus those who had not received them (didanosine: 45% reporting pain vs 39% without pain, p00.38; stavudine: 39% vs 42%, p 00.72; saquinavir: 38% vs 41%, p01.00; and lopinavir/ritonavir: 38% vs 42%, p 00.53).
Caregiver Á child agreement in perception of pain
Caregivers tended to underreport the participant's pain. Of the 207 children (HIV' and HIVÁ) who self-reported pain in the last two months, only 52% of caregivers reported that their child had experienced pain (Figure 2 ). Of the 102 youth reporting that their pain interfered with everyday activities, only 22% of caregivers recognized such interference. When examined by HIV status, recognition by caregivers of child-reported pain during the last two months was 58% for HIV' versus 41% for controls.
Association of psychiatric symptoms with self-reported pain
HIV-infected youth self-reporting pain had significantly higher mean symptom severity scores for GAD (p B0.001), MDD (p B0.001), and DD (pB0.001) than those not reporting pain (Figure 3) . Similarly, caregivers of HIV' youth reported greater symptom severity for each domain for the subjects with pain (GAD: 3.78 vs 3.00, p 00.01; MDD: 4.46 vs 3.79, p0 0.05; DD: 3.70 vs 3.08, p 00.04). In contrast, there were no significant associations between pain and symptom severity in HIV-uninfected subjects as reported by either youths or their caregivers.
Logistic regression models for HIV' subjectreported pain in the last two months showed an increased odds ratio of pain for each one-unit increase in the psychiatric severity score for generalized anxiety (OR: 1.14, p 00.03), major depression (OR: 1.15, p00.03), and dysthymia (OR: 1.18, p0 0.01) (Table 3) . These associations persisted after adjustment for age and gender in the HIV-infected AIDS Care 643 subjects, but were not observed in the uninfected controls. Additional factors explored were race, type of primary caregiver, education level of caregiver, and household income; these factors were consistently not significant.
Our study included 457 families, 91 of which had more than one child enrolled and 44 with both HIV' and HIVÁ siblings participating. Accounting for clustering within families using GEE models had essentially no impact on estimated associations between psychiatric symptom severity and pain; estimated odds ratios in Table 3 were unchanged. However, caregivers reporting pain in one child were much more likely to report pain in a sibling (within-family correlation of approximately 0.20 overall), while subject-reported pain showed a lower within-family correlation (about 0.10).
Discussion
This is the first study to identify pain prevalence and its' association with psychiatric symptomatology in a large cohort of HIV-infected children compared to uninfected controls recruited from HIV-affected households. Our most important finding is a high prevalence of pain across all age groups, HIVinfected or not, with 37% of all subjects and 41% of HIV-infected children reporting pain during the two months prior to enrollment.
These rates are similar to the 44% reported in a recent Thai study (Lolekha et al., 2004) but higher than the 20% of 985 HIV-infected children spontaneously reporting pain in an earlier report from Pediatric AIDS Clinical Trials Group 219C observational data (Gaughan et al., 2002) based on symptom distress reported on the General Health Assessment for Children (GHAC). Comparison with our results to that report is problematic given differences in study design, measurement tools, subject age range, and the available treatment options. The increased prevalence of pain reported by Hirschfeld (59%) in the pre-HAART era (Hirschfeld, Moss, Dragisic, Smith, & Pizzo, 1996) may have been due to more advanced disease (B25% with 500 CD4 cells) and treatment with potentially toxic dual nucleoside antiretroviral agents.
Similar to other studies, we observed a higher rate of pain among all females than males (41% in the past two months vs 33%), and especially high rates of pain among HIV-infected females (47% vs Figure 1 . A multiple logistics regression model was used to determine the percentage of HIV-infected versus uninfected control participant's self-reporting pain in the past two months within each age group and gender. Difference in reported pain between HIV-infected and controls varied significantly by age group (p 00.03). 33% in uninfected females). Studies on both adults and youth have shown that females report higher levels of pain than males (Edwards, Haythornthwaite, Sullivan, & Fillingim, 2004; Fillingim, 2000; Martin, McGrath, Brown, & Katz, 2007) . Behaviors to manage pain also differ, with males more likely to cope with pain through behavioral distraction, whereas females tend toward seeking social support and psychological relief through two ultimately negative mechanisms, internalization, and catastrophic thinking (Keogh & Eccleston, 2006; Lynch, Kashikar-Zuck, Goldschneider, & Jones, 2007) . Like Hirschfeld et al. (1996) , we also found a higher rate of pain among younger HIV-infected children than among older ones. In fact, the overall difference in pain between HIV-infected and uninfected subjects was primarily attributable to that observed in younger children (46% vs 28%). We speculate that a heightened experience of pain with Figure 3 . The association of pain with mean psychiatric symptom severity score in HIV-infected children. The mean symptom severity score is represented on the Y-axis. Across all domains, primary caregivers perceived their child to have less pain and a lower level of psychiatric symptomatology than the child self-reported. AIDS Care 645 medical procedures in younger patients might contribute to this difference, perhaps underscored by less mature pain processing pathways and a more limited repertoire of coping mechanisms. Unexplored in this study, but perhaps relevant might be age-related differences in systemic inflammatory response to HIV-1 infection, with more inflammatory pain present in younger subjects.
We found that among HIV-infected children, females, those of White race, and those with an AIDS diagnosis had increased odds of reporting pain. The association of increased pain for those with CDC Class C is consistent with that previously reported by Gaughan et al. (2002) . CD4% and viral load were not predictive of pain after adjustment for CDC class, perhaps because our study population was relatively healthy. Importantly, there was no association between any of the four antiretroviral agents examined and an increased prevalence of pain.
Stress is a known amplifier of pain in children (Ostberg, Alfven, & Hjern, 2006) . In our study, caregivers of HIV-uninfected subjects were less likely to have completed high school and tended to have lower household incomes, suggesting less access to resources. These data suggest that exposure to greater socioeconomic stresses may have contributed to the increased background rate of pain in the uninfected population, whereas perhaps other social stressors were more contributory in HIV-infected subjects.
Our data are consistent with past studies of pain in children documenting poor agreement between children's self-report of pain and those by their parents or primary caregivers (Chambers, Reid, Craig, McGrath, & Finley, 1998; Kelly, Powell, & Williams, 2002; Singer, Gulla, & Thode, 2002) . Of all subjects reporting pain in the two months prior to enrollment, just slightly over half of the caregivers recognized pain in their child, and less than one quarter of the caregivers were aware that pain was severe enough to affect their child's daily activities. Agreement between child and caregiver reports of pain was higher for HIV-infected subjects than controls (58% vs 41%), possibly reflecting increased sensitization to health issues or fewer socioeconomic stressors being present to distract the caregiver in the households of HIV-infected children.
Our data showed that HIV-infected children who reported pain had higher symptom severity scores for anxiety and depression. Even after adjustment for age, gender, and HIV status, we found that as the severity of generalized anxiety, major depression, or dysthymia symptoms increased, the odds of reported pain in our study subjects also increased, particularly among children with HIV infection. This finding warrants further exploration in pediatric studies evaluating associations between psychiatric symptoms, pain, and circulating proinflammatory cytokines, as have been identified in adults (Miller & O'Callaghan, 2005; Strouse, 2007; Wieseler-Frank, Maier, & Watkins, 2005) . Our study has several limitations. We did not obtain a detailed past pain history, and therefore did not examine the possibility of a confounding effect from early childhood painful conditions or ongoing chronic illness in HIV-uninfected controls. Pain diaries were not used; the possibility of recall bias exists. We did not obtain a pain history for primary caregivers. Child reports of current pain have been shown to be associated with parents' self-reported pain (Schanberg et al., 2001) . A comparison group of children unaffected by HIV was not included, leaving unexamined the question of how our controls compare to other uninfected children.
In conclusion, we have identified a high prevalence of self-reported pain in HIV-infected children and adolescents compared to HIV-uninfected controls living in an HIV-affected household, more so in females and younger subjects. An AIDS diagnosis was associated with increased OR of reported pain, yet contrary to expectations, disease severity reflected by a CDC Class C disease, a low CD4% and high viral load were not predictive of pain. Economic and family stressors appear to be less a factor in reported pain in HIV' than HIV-uninfected children. The high proportion of reported pain amongst uninfected children underscores the importance of querying for these stressors in the primary care setting when providing services for children living in an HIVaffected household. Lastly, increasing severity of generalized anxiety, major depression, and dysthymia symptoms in HIV-infected children were associated with significantly increased odds of pain. Queries concerning pain and psychiatric symptomatology should be incorporated into the primary and specialty care of HIV' children and adolescents; children HIV-uninfected despite prior exposure and those living in a household with an HIV' individual.
